Previous studies on behavior in beef cattle used detailed behavioral characterization collected by trained and experienced classifiers, involving a limited number of records and, therefore, limited accuracy of the genetic estimates (Morris et al., 1994; Hoppe et al., 2008; Benhajali et al., 2010; Schmidt et al., 2014) . A larger number of records can be obtained by asking farmers to score their animals. A similar system has been successfully implemented in dairy cattle for temperament during milking (e.g., Beard, 1993) . Studies estimating heritability and correlation of udder and teat conformation are rare in beef cattle, unlike in dairy cattle Varona et al., 2012) . Slightly more studies have been conducted on feet and leg conformation (Mantovani et al., 2010; Jeyaruban et al., 2012) but only one study in Charolais (Norris et al., 2008) .
The objective was to estimate heritabilities and genetic correlations for behavior and type traits in Charolais. The estimates will be used to assess the possibilities of selection using an on-farm recording system. Research and Teaching (FASS, 2010) were followed when collecting information on the animals.
mATeRiALS ANd meTHodS

The guidelines stated in the Guide for the Care and Use of Agricultural Animals in
Data
Data from 6,649 cows scored for behavior and type traits were considered, originating from 76 AI sires and 6,080 dams. The number of daughters per sire ranged from 1 to 455 and was, on average, 87. Twenty-five sires had fewer than 25 daughters, and 25 sires had more than 100 daughters. Cows were born in 380 different herds located in the northeast and west of France. In total, 860 cows moved to another herd during their life, but the herd at scoring could not be traced back so herd of birth was considered for further analysis. Per herd, the maximum number of observations was 125 and the average was 18. The minimum number of observations per herd was set to 3, so observations from 67 cows in 52 herds were initially removed. Forty herds had fewer than 5 cows with phenotypes, and 14 herds had more than 50 cows. The use of AI ensured that sires had daughters in multiple herds: on average, a sire had daughters in 50 herds. Twenty-seven sires had daughters in less than 20 herds, and 12 sires had daughters in more than 100 herds.
Data collection took place between October 2010 and September 2011. Cows were scored once for each behavior and type trait. The 3 behavior traits were recorded by the farmers who received instructions on how to score cows but did not follow a training session to harmonize scoring. Aggressiveness toward the farmer at parturition and aggressiveness during gestation period were recorded on a scale from 1, representing aggressive behavior, to 7, representing docile behavior. Maternal behavior toward the calf was recorded on a scale from 1, representing rejecting behavior, to 7, representing attentive maternal behavior. Eleven type traits and locomotion were recorded by 10 technicians who had 1 training session to harmonize scoring of cows. Three traits related to udder conformation (udder volume, udder balance, and udder attachment), 3 traits related to teat conformation (teat thinness, teat length, and teat shape), and 5 traits related to feet and leg conformation (front leg, rear leg, foot angle, foot depth, and leg angle) were recorded on a scale from 1 to 7. Depending on the trait, the optimal grade was either 4 or 7. Locomotion was recorded on a scale from 1, representing lameness, to 5, representing no lameness. An explanation of the scale on which the traits were scored is given in Table 1 . Classifiers scored, on average, 642 cows in 40 herds. Cows in one herd were classified by the same classifier and were scored during the same visit or during different visits.
Statistical Analysis
Genetic analyses were performed using the following linear animal model:
in which Y ijkl is the score for behavior and type traits, µ is the overall mean, and Parity i is the fixed effect of the parity of the cow at time of scoring. Cows were in parity 1 to 12. In the statistical analysis, parity 6 and higher were grouped into 1 class (i = 1, 6). BYBS j is the fixed effect birth year × birth season, which combines the effect of year when the cow was born (between 1997 and 2009 ) and season when the cow was born, defined as two 6-mo periods starting in October. The first class for BYBS j is October through March 1997 and the last class is April through September 2009 (j = 1, 26). Herd k is the random effect of the herd in which the cow was born (k = 1, 380) and is assumed to be distributed as N(0, iσ h 2 ), in which σ h 2 is the herd variance and i is the identity matrix. Animal l is the random additive genetic effect of the l th animal and assumed to be distributed as N(0, Aσ a 2 ), in which σ a 2 is the additive genetic variance and A is the additive genetic relationship matrix, which was constructed based on 3 generations pedigree. e ijkl is the random residual effect ~N(0, iσ e 2 ), in which σ e 2 is the residual variance.
Univariate analyses were used to estimate variances for the traits.
The intraherd heritability was calculated as
The proportion of variance explained by herd was calculated as
The genetic coefficient of variation (CV a ) gives an indication for the potential response to selection and was calculated as follows (Houle, 1992) :
in which μ is the phenotypic mean of the trait and σ a is the additive genetic SD.
Phenotypic and genetic correlations were estimated using bivariate analyses. Covariances between animal effects, herd effects, and residual effects were estimated.
Data included observations on cows in parity 1 to 12. Traits scored in different parities might not be genetically the same. Therefore, bivariate analyses were used to estimate genetic variances and genetic correlations between the same trait measured in parity 1 and in parity ≥ 4 cows. There were 2,300 cows in parity 1 and 2,005 cows in parity ≥ 4. To test if traits are genetically identical, that is, if genetic correlation is significantly different from 1, the log-likelihood ratio test was used. The likelihood of the unconstrained model was compared with the likelihood of a constrained model where genetic correlation was fixed at 0.998.
Constraining genetic correlation at a value of exactly 1 is computationally not possible. The log-likelihood ratio test (LRT) equals LRT = -2[log e likelihood (H 0 ) -log e likelihood (H a )], in which H 0 indicates the constrained model (i.e., traits are genetically the same) and H a indicates the unconstrained model. The log-likelihood ratio test follows a χ 2 distribution with 1 df.
Variance and covariance components were estimated using ASReml (Gilmour et al., 2009) 
ReSuLTS
Descriptive Statistics
Number of observations, mean, and SD for each trait are summarized in Table 1 . Behavior traits had a lower number of observations (between 5,881 and 5,954) compared with type traits (between 6,255 and 6,418). Mean for aggressiveness during gestation (5.47) and aggressiveness at parturition (5.03) were closer to the optimum (grade of 7) compared with the mean for maternal care (4.56). Means for type traits were all close to the intermediate grade of 4 (between 3.43 and 4.73), although 7 is the optimal grade for udder attachment, teat thinness, teat length, and teat shape. Mean for locomotion (4.69) was close to its optimum (grade of 5). Standard deviation for aggressiveness at parturition was higher (1.33) compared with aggressiveness during gestation (0.89) or maternal care (0.89). The lowest standard deviations were found for udder balance (0.94), front leg (0.67), rear leg (0.92), and leg angle (1.03). Locomotion, which was scored on a 5-point rather than a 7-point scale, had a standard deviation of 0.66.
Variances, Heritability, and Coefficient of Additive Genetic Variation
Estimates for variance components, heritabilities, and coefficients of additive genetic variation are shown in Table 2 . Heritabilities for behavior traits were 0.02 for maternal care, 0.06 for aggressiveness during gestation, and 0.19 for aggressiveness at parturition. For type traits, the highest heritabilities were found for udder traits (between 0.14 and 0.20) and teat traits (between 0.17 and 0.35) and the lowest values were found for feet and leg traits (between 0.02 and 0.19). High coefficients of additive genetic variation were found for teat length (21%), teat thinness (17%), and aggressiveness at parturition (11%), and the lowest were for locomotion and maternal care (2%). The proportion of the total phenotypic variance due to differences between herds was high for the 3 behavior traits (between 19% and 23%), udder volume (29%), foot angle (22%), foot depth (19%), and locomotion (28%).
Phenotypic and Genetic Correlations between Traits
Phenotypic and genetic correlations between traits are shown in Table 3 . In general, phenotypic correlations were not as strong as genetic correlations. High genetic correlations were found between the 3 behavior traits (with absolute values from 0.71 to 0.98), between udder volume and udder attachment (0.82), and between foot angle, foot depth, and leg angle (between 0.74 and 0.97). Other genetic correlations were weak (0.00 between front leg and rear leg) to moderate (0.67 between udder attachment and teat thinness). Table 4 shows means, variances, and genetic correlations between the same trait measured in first parity (young) and parity ≥ 4 (old) cows. Old cows were more attentive toward their calves (mean of 4.77) than younger cows (4.37), had a larger udder volume (3.77) than young cows (5.08), had weaker udder attachment (3.75) than young cows (4.83), had thicker teats (3.67) than young cows (4.55), and had longer teats (3.08) than young cows (3.83). With an increase in age, we found an increase in phenotypic (from 0.83 to 1.99) and genetic variance (from 0.00 to 0.31) for aggressiveness at parturition. On the contrary, maternal care showed a slight decrease in phenotypic variance (from 0.68 to 0.56) and in genetic variance (from 0.02 to 0.01). For type traits, with an increase in age, a large decrease in genetic variance was found for udder volume (from 0.35 to 0.20) and teat thinness (from 0.68 to 0.51). With an increase in age, a large increase in genetic variance was found for leg angle (from 0.16 to 0.31). Changes in phenotypic variance were limited for type traits except for locomotion, with an increase from 0.24 to 0.41.
Young and Old Cows
For leg angle, the estimated genetic correlation between young and old cows was 0.67 and was significantly different from unity (P-value = 0.03). No other traits had a genetic correlation significantly different from 1. For 9 traits, the genetic correlations were equal to or higher than 0.80. Behavior traits, front leg, leg angle, and locomotion had genetic correlations smaller than 0.80 but standard errors were large (between 0.20 and 1.45).
diScuSSioN
Herd Effects
The effect of herd was substantial for most of the traits. Differences between herds could be due to differences in management. Several studies reported that housing system and, particularly, pasture management have an impact on behavior in beef cattle (Boivin et al., 1994; Le Neindre et al., 1995; Phocas et al., 2006; Hoppe et al., 2008) . Animals reared outdoors or under extensive conditions with little human contact were found to be more aggressive toward humans than animals raised 4 r g = genetic correlation between early life (measures on cows in parity 1) and late life (measures on cows in parity 4 and higher).
5 Aggres. gest. = aggressiveness during gestation.
6 Aggres. part. = aggressiveness at parturition.
indoors or under less extensive conditions (Boivin et al., 1994; Becker and Lobato, 1997) . Housing system, and particularly floor type and access to pasture, was reported to impact feet and leg traits and locomotion traits (Boelling and Pollott, 1998; Van Dorp et al., 2004; Onyiro and Brotherstone, 2008) . Furthermore, behavior traits were scored by the farmers, and therefore, herd effects for behavior traits could also be caused by differences between farmers in scoring of behavior traits. Several studies on temperament in beef cattle reported significant effect of classifier (Le Neindre et al., 1995; Phocas et al., 2006) . Differences between classifiers in scoring type traits may also have contributed to the herd variance as 1 classifier scored all cows in the same herd and we did not include a classifier effect in the final analysis because herd is nested within classifier. As a check, classifier effect was added in the model and it did not affect the estimates of genetic parameters.
Difference between Young and Old Cows
In this study, observations were made on cows of different ages. Difference in age may affect estimates of genetic parameters, for example, because a trait can be genetically different between parities, because old cows consist of a selected group of individuals, and because the length of observation period for behavior trait differs with the age of cows.
In the literature, several traits were reported to be genetically different between parities such as calving difficulty in Charolais (Eriksson et al., 2004) or fertility in dairy cattle (Jamrozik et al., 2005) . In the present study, a significant genetic difference between young cows and old cows was found for leg angle. For this trait, we also observed a higher heritability in older cows compared with younger cows. For other traits, no significant evidence for genetic differences between traits measured in old and young cows was detected.
Older cows consist of a selected group of animals as the majority of voluntary culling occurs between first and second calving. Therefore, cows with unfavorable behavior and type are more likely to be culled. This type of selection might result in a reduced phenotypic and genetic variance for cows in parities ≥ 4 compared cows in parity 1. A reduced phenotypic variance was observed for maternal care and several type traits. The effect of selection on estimation of genetic parameters has been highlighted before (e.g., Pryce et al., 2000; .
Behavior was scored by farmers based on their experiences in handling the cows. Therefore, farmers had to base their behavior score for younger cows on a shorter time span compared with older cows, for which farmers have a better knowledge of their behavior through experiences during multiple calvings. Farmers may, therefore, have used a smaller range of scores for younger cows compared with older cows. This could contribute to the lower phenotypic variances for aggressiveness in younger cows. In addition, observation for older cows might be more accurate compared with younger cows. This could contribute to the higher genetic variances and heritabities for aggressiveness in older cows.
Heritabilities
Heritabilities of behavior traits in the current study were lower than most heritabilities reported in the literature. This might be due to our scoring system, which is subjective. Other studies used objective measurements such as licking time and found a heritability of 0.32 ± 0.23 (Le Neindre et al., 2002) , running time (with heritability up to 0.23 ± 0.04), or number of escapes (with heritability up to 0.26 ± 0.04; Phocas et al., 2006) . Furthermore, heritability of handling behavior was reported to decline with habituation to human contact, going from 0.39 at weaning to 0.29 at 18 months of age for the speed at which an animal leaves the crush (Burrow and Corbet, 2000) . This decline in heritability with habituation to human contact probably affected our heritability estimates; cows in our study were used to being handled, compared with literature where, in general, younger animals were used (Benhajali et al., 2010; Hoppe et al., 2010) . Aggressiveness at parturition had higher SD and heritability than aggressiveness during gestation. One reason might be that farmers had less handling experience with cows during gestation than during parturition, causing the use of a reduced range of scores and, consequently, reduced variance.
Maternal effects, if present and not accounted for in the model, can affect the heritability estimates. Maternal genetic effects for behavior traits, although limited, have been reported and maternal heritabilities ranged up to 0.05 (Prayaga and Henshall, 2005; Beckman et al., 2007) . In this study, the structure of the data set prohibited including a maternal effect (both genetic and environmental) in the model. In case maternal effects play a role in the variability of some of the traits, they will be confounded with direct genetic effects, causing an overestimation of the heritability. Calf behavior was also reported to have an effect on the dam behavior at parturition (Pérez-Torres et al., 2014) . Similarly, not taking into account calf effect may have caused an overestimation of the heritability.
A few studies estimated heritabilities in beef cattle on type traits similar to those in this study. To our knowledge, only one study was conducted in Charolais (Norris et al., 2008) , which found similar heritability for front leg conformation but higher heritability for rear leg conformation (0.21 vs. 0.10 in the present study). Varona et al. (2012) found similar heritabilities for teat thinness and front leg but slightly lower heritabilities for teat length (0.29 vs. 0.35 in the present study) and higher heritability for rear leg (0.17 vs. 0.10 in the present study) in Pirenaica breed. found a lower heritability for udder volume (0.12 vs. 0.20 in the present study) in Asturiana de los Valles cattle. More research has been conducted on type traits in dairy cattle (Vollema and Groen, 1997; DeGroot et al., 2002 , Vukasinovic et al., 2002 Wiggans et al., 2006; Onyiro and Brotherstone, 2008) . In dairy cattle, a wide range of heritabilities are found and heritabilities tend to be higher than in the present study. Higher heritability in dairy might be caused by a more uniform scoring resulting from better trained and experienced classifiers.
Genetic Correlations
A strong genetic correlation was found between maternal care and aggressiveness at parturition and, to a lesser extent, aggressiveness during gestation. This is in line with other studies, although their estimates were lower (Morris et al., 1994; Le Neindre et al., 2002; Phocas et al., 2006) . These finding suggests that higher aggressiveness at parturition is part of better maternal care. The strong genetic correlation indicates that it is difficult to simultaneously improve maternal care and reduce aggressiveness through selection.
Strong genetic correlations were found between udder volume and udder attachment, between foot angle and foot depth, between foot angle and leg angle, and between leg angle and foot depth. These genetic correlations were stronger than the ones found in previous studies (Kirschten et al., 2001; Jeyaruban et al., 2012) . Foot angle and foot depth also showed a strong phenotypic correlation, suggesting that classifiers had difficulties distinguishing between both traits and, consequently, gave similar scores for the traits. This underlines the need for clear definitions of traits and training of classifiers.
The genetic correlations between teat length and teat shape and between front leg and rear leg were very weak, unlike those reported by previous studies (Vukasinovic et al., 1997; Norris et al., 2008) .
Opportunity for Selection
Opportunity for genetic improvement as assessed by the coefficient of genetic variation was high for most of the traits, such as aggressiveness at parturition or teat thinness, especially compared with the coefficient of genetic variation of 5% found for BW in Charolais (Mujibi and Crews, 2009; Phocas, 2009 ). On the other hand, traits such as maternal care or front leg had a low coefficient of genetic variation and low heritability, indicating that selection for these traits is more difficult. This study shows that there are interesting opportunities to progeny test bulls for behavior traits based on data collected by farmers.
LiTeRATuRe ciTed
